THE BACKGROUND AND UPDATE PROCESS OF THE GUIDELINES FOR CARDIOPULMONARY RESUSCITATION
=====================================================================================

1. The background of the guidelines for cardiopulmonary resuscitation
---------------------------------------------------------------------

Cardiac arrest can occur inside medical institutions (in-hospital) and outside of medical institutions (out-of-hospital), such as home or public place. The incidence of cardiac arrest varies according to ethnicity, country, and region, ranging from 24 to 186 per 100,000 population \[[@b1-ceem-16-133]\]. In South Korea, annual surveys have been performed since which revealed that the incidence increased from 37.5 per 100,000 population in 2006 to 46.8 in 2010 \[[@b2-ceem-16-133]\]. The average survival rate for out-of-hospital cardiac arrest was 3.0% between 2006 and 2010 in South Korea, and only 0.9% of cardiac arrest cases experienced good neurologic recovery \[[@b3-ceem-16-133]\]. The survival rate for out-of-hospital cardiac arrest has subsequently increased to approximately 5% in South Korea, although this rate is still lower than those in the US, Europe, and Japan \[[@b4-ceem-16-133]-[@b6-ceem-16-133]\]. The prevention of cardiac arrest is the most important factor for increasing this survival rate. Furthermore, bystanders should be able to recognize the onset of cardiac arrest, initiate cardiopulmonary resuscitation (CPR), and use an automated external defibrillator. Moreover, the emergency medical system should provide a rapid response, advanced care, and efficiently facilitate in-hospital treatment for cases of cardiac arrest.

Because CPR guidelines apply to the overall general public and healthcare providers, they should comply with each country's ethnicity, culture, laws, and medical environment. Thus, each country develops CPR guidelines based on the latest scientific knowledge, and provides these guidelines to healthcare providers and the general public to improve survival rates among patients with cardiac arrest. In 1966, the American Heart Association and the American Academy of Science developed the first CPR guidelines, which have periodically been updated based on the available data in the related areas \[[@b7-ceem-16-133]-[@b10-ceem-16-133]\]. In 1993, the American Heart Association and European Resuscitation Council played a pivotal role in organizing the International Liaison Committee on Resuscitation (ILCOR) to create internationally standardized CPR guidelines. The ILCOR applies newly scientific evidence to the existing CPR guidelines at 5-year intervals, and the results are published as the International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science with Treatment Recommendations \[[@b11-ceem-16-133]-[@b13-ceem-16-133]\]. This consensus document contains guidelines that are related to CPR, basic life support (BLS), advance life support (ALS), pediatric BLS, pediatric ALS, neonatal resuscitation (NR), education and implementation, acute coronary syndrome, and first aid \[[@b14-ceem-16-133]\]. Therefore, when individual countries update or establish their guidelines for CPR, they use the ILCOR guidelines as a scientific basis, while also considering the country's specific medical, legal, and cultural characteristics.

The Korean Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care were established in 2006 by the Korean Association of Cardiopulmonary Resuscitation, which is operated by participating academic societies and social organizations that have an interest in CPR. The Korean Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care were updated based on emerging scientific evidence in 2011, and have been used since that time. The ILCOR announced new Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science in October 2015, which led to the updating of the 2011 Korean Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care \[[@b14-ceem-16-133]\].

2. The development scope and process for updating the Korean Guidelines for Cardiopulmonary Resuscitation
---------------------------------------------------------------------------------------------------------

The process for updating the 2011 Korean Guidelines for Cardiopulmonary Resuscitation focused on issues that are directly related to cardiac arrest care. Similar to the 2011 ILCOR guidelines, the 2015 ILCOR guidelines addressed CPR, BLS, ALS, pediatric life support (PLS), NR, and education and implementation. However, the guidelines for post-cardiac arrest care, which have contributed to an increased survival rate based on recent scientific evidence, were developed separately from the guidelines for ALS.

The Guidelines for Cardiopulmonary Resuscitation cover various disciplines, and required experts from all CPR-related academic societies to help develop the guidelines. Thus, the Korean Association of Cardiopulmonary Resuscitation requested the participation of expert members from the Korean Society of Emergency Medicine, the Korean Society of Cardiology, the Korean Pediatric Society, the Korean Society of Neonatology, the Korean Society of Anesthesiologists, the Korean Neurological Association, the Korean Society of Perinatology, the Korean Nurses Association, the Korean Society of Emergency Medical Technicians, and Korean Red Cross. The development scope for the new Guidelines for Cardiopulmonary Resuscitation was defined using six areas (BLS, ALS, PLS, NR, post-cardiac arrest care, and education), and expert committees were established for each area. These committees consisted of 1 chairperson or 2 co-chairs and 6 to 10 expert members that were recommend by each academic society. A steering committee, which consisted of a principal researcher and the expert committee chairs, was also established to adjust and coordinate the entire development process. Moreover, to manage any perceived conflict of interest and perform a detailed review of the evidence, an evidence review committee was formed from 119 experts (10 to 25 experts per speciality) who were selected by the committee chairpersons.

Each expert committee selected items that required updating from the 2011 Korean Guidelines for Cardiopulmonary Resuscitation, and also identified updated items that were released by the ILCOR. These update items were classified into two types according to the review method: adaptation or hybrid updating. Items that were developed and reviewed by the ILCOR were reviewed as adaptation items. The hybrid updating items addressed topics that were described in the Korean literature or other relevant articles. Both sets of items were evaluated by the evidence review committee, who invited input from evidence review methodology experts during an educational seminar. These evidence review methodology experts provided instructions to the evidence review experts regarding the guideline update methodologies, which include the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) method; adaptation methodology; and clinical practice guideline development methodologies. The expert committees then held expert workshops to discuss the primary review results for each update item. The updates that were reviewed by the expert committees were further discussed at a consensus conference that was attended by all participating experts. The updated guidelines were developed at the consensus conference after being presented and discussed in an open forum that anyone could attend. Each expert committee created a writing committee to write the guidelines based on these discussions ([Fig. 1](#f1-ceem-16-133){ref-type="fig"}).

3. Guidelines-related literature review methods
-----------------------------------------------

The literature reviewers were recommended by the related academic societies or expert committee chairperson, and all of these reviewers completed declarations regarding any potential conflict of interest that might be related to the review, such as employment, consultation, ownership of shares, research grants, and rewards. Based on feedback from the expert committee chairpersons, the guideline development committee extracted 126 items (BLS, 24 items; ALS, 24 items; post-cardiac arrest care, 16 items; PLS, 21 items; NR, 25 items; education, 16 items) that have a high clinical importance and are relevant to the Korean CPR guidelines; these items are among the population, intervention, comparator, and outcome (PICO) items that were reviewed until January 2015 by ILCOR \[[@b15-ceem-16-133]-[@b19-ceem-16-133]\]. One primary reviewer or question owner and 1 to 2 other reviewers were assigned to each of the extracted PICO items, and these reviewers applied the GRADE method that was used to develop the 2015 ILCOR Guidelines for Cardiopulmonary Resuscitation \[[@b20-ceem-16-133]\]. Only clinical research papers were considered in the literature review, and non-clinical research papers (e.g., animal studies or simulation studies) were not included. The individual expert committees evaluated the identified papers for relevance and applicability to the Korean population. New international and domestic papers that were published after January 2015 (after the ILCOR review was terminated) were also considered in the evidence review process. The reviewers submitted a draft of the Korean evidence summary and recommendations (or the Korean CPR clinical practice guidelines) to their specific expert committee, and these drafts contained the ILCOR's evidence summary and recommendations, the reviewers' comments, any update recommendations and justifications, domestic recommendations, and the related references. The submitted contents were reviewed by each expert committee, and then a guideline development committee workshop was organized to revise the contents based on the discussions and consensus from all committee members and reviewers who were in attendance. Three experts assessed the acceptability of the 2015 ILCOR guidelines as source guidelines, using version II of the Appraisal of Guidelines for Research & Evaluation tool \[[@b21-ceem-16-133]\].

4. Suggestions for the recommendations grading
----------------------------------------------

The updated recommendations for the Korean CPR clinical practice guidelines were classified into four categories, based on direction (for or against an action) and strength (strong and weak recommendations), as recommended by the GRADE method \[[@b20-ceem-16-133]\]. To determine the recommendation grading, the following factors were considered. First, strong recommendations were based on items with a high level of evidence, as determined according to the GRADE method for each item; the overall evidence level for each item was defined as the lowest evidence level among the key outcome variables. Second, strong recommendations were based on items with a large difference between the desirable and undesirable effects of each item. Third, weak recommendations were based on low levels of reliability in an individual patient's values and preferences. Fourth, weak recommendations were based on a greater requirement for medical resources. During the process of writing the updates, strong recommendations were indicated using the phrases "recommend" or "should do", and weak recommendations were indicated using the phrases "suggest" or "can do".

HIGHLIGHTS OF THE 2015 KOREAN GUIDELINES FOR CARDIOPULMONARY RESUSCITATION
==========================================================================

The major updates of the 2015 Korean Guidelines for Cardiopulmonary Resuscitation included: 1) a new concept regarding the Chain of Survival (introducing the importance of prevention and early detection of cardiac arrest), 2) the importance of identifying cardiac arrest during the treatment of out-of-hospital cardiac arrest and the role of emergency medical dispatchers in the CPR process, 3) chest compression-only CPR for lay rescuers, 4) an adjustment of the chest compression methods, 5) the usefulness of end-tidal carbon dioxide measurement during ALS, 6) targeted temperature management and coronary angiography during the process of post-cardiac arrest care, and 7) recommendations regarding mechanical and extracorporeal CPR.

1. The importance of prevention and early detection of cardiac arrest
---------------------------------------------------------------------

In the 2015 Korean Guidelines for Cardiopulmonary Resuscitation, the Chain of Survival includes five links: prevention and early detection of cardiac arrest, early access, early CPR, early defibrillation, effective ALS and post-cardiac arrest care. The first link is prevention and early detection of cardiac arrest, which is newly introduced in the 2015 guidelines. This is because the survival rate is low after cardiac arrest, even if CPR is performed, and preventing the occurrence of cardiac arrest is the most effective method to reduce the number of cardiac arrest-related deaths among adults and children. Efforts to reduce the risk of cardiovascular disease at the individual and national levels are needed to reduce the occurrence of out-of-hospital cardiac arrests. Therefore, public relations activities and public education should be used to enhance public awareness regarding the association between cardiovascular disease and cardiac arrest, and to encourage individuals to reduce their risk of cardiovascular disease. In addition, bystander response to cardiac arrest can be improved using public education regarding the premonitory symptoms of cardiac arrest, how to recognize cardiac arrest, and what to do when he or she witnesses cardiac arrest.

The occurrence of in-hospital cardiac arrests can be reduced by identifying patients who have a high risk of cardiac arrest, and by rapidly responding to cases of cardiac arrest \[[@b22-ceem-16-133]\]. Therefore, medical institutions with trained medical personnel can reduce the occurrence of in-hospital cardiac arrests by maintaining rapid response or medical emergency teams. Furthermore, cardiac arrest in children is often caused by an accident or injury, and the prevention of accidents or injuries can reduce the number of cardiac arrest-related deaths among children.

2. The important role of emergency medical dispatchers
------------------------------------------------------

In the 2015 guidelines, emphasis was placed on the role of emergency medical dispatchers in helping lay rescuers identify cardiac arrest and begin CPR. This is because most cases of cardiac arrest are witnessed by lay individuals, who are typically not trained to manage cardiac arrest and may require time and instruction to identify cardiac arrest and perform CPR. In this context, emergency medical dispatchers can provide telephone guidance to help lay rescuers identify cardiac arrest and perform CPR. This technique is associated with a higher probability of the lay rescuer initiating CPR and shortens the time to CPR initiation \[[@b23-ceem-16-133],[@b24-ceem-16-133]\]. Therefore, emergency medical dispatchers should be trained to guide bystanders in the identification of cardiac arrest and performance of CPR.

3. Chest compression-only CPR recommended for lay rescuers
----------------------------------------------------------

Chest compression-only CPR refers to chest compressions without rescue breathing. At the beginning of cardiac arrest, there is no difference in the survival rates for chest compression-only CPR or conventional CPR (rescue breathing and chest compressions), and performing only chest compressions improves the survival rate compared to that for when CPR is not performed \[[@b25-ceem-16-133]-[@b27-ceem-16-133]\]. Even if they have received CPR training, many lay persons do not perform adequate mouth-to-mouth rescue breathing, and they may not attempt CPR due to their reluctance to perform rescue breathing. Therefore, the 2015 guidelines recommend chest compression-only CPR for lay rescuers, although conventional CPR is recommended for rescuers who are able to perform rescue breathing and intend to do so. Furthermore, chest compression-only CPR is recommended when emergency medical dispatchers guide lay rescuers in the performance of CPR.

4. Adjustment of chest compression depth and rate
-------------------------------------------------

The 2015 guidelines recommend high-quality CPR that provides adequate chest compression depth and rate, sufficient relaxation, and minimal interruptions. The recommendations regarding chest compression depth and rate were updated in the new guidelines based on the scientific evidence and expert opinion \[[@b28-ceem-16-133],[@b29-ceem-16-133]\]. The 2011 guidelines recommend compression depths of 4 cm for infants, 5 cm for children, and ≥5 cm for adults (up to 6 cm). In contrast, the 2015 guidelines recommend compression depths of 4 cm for infants, 4 to 5 cm for children, and approximately 5 cm for adults. Furthermore, the 2011 guidelines recommend a chest compression rate of ≥100 times per minute (up to 120 times per minute) for adults and children, whereas the 2015 guidelines recommend a rate of 100 to 120 times per minute for adults and children. However, the recommendations regarding the location of chest compression, chest compression to ventilation ratio, sufficient relaxation after chest compression, and minimizing interruptions remain the same as those in the 2011 guidelines.

5. Emphasizing the usefulness of end-tidal carbon dioxide measurement during ALS
--------------------------------------------------------------------------------

There are few methods for evaluating a patient's hemodynamic status during CPR or the effectiveness of the CPR. However, the partial pressure of end-tidal carbon dioxide (the partial pressure of carbon dioxide in exhaled air) changes in response to the proportion of lung perfusion during CPR. Therefore, this pressure can be used to assess the adequacy of chest compressions and the possibility of the return of spontaneous circulation (ROSC) \[[@b30-ceem-16-133],[@b31-ceem-16-133]\]. In addition, the partial pressure of end-tidal carbon dioxide can be used to check whether an intubated tube is correctly placed after endotracheal intubation \[[@b32-ceem-16-133]\]. Therefore, the 2015 guidelines recommend using the partial pressure of end-tidal carbon oxide to assess the effectiveness of CPR, estimate the possibility of ROSC, and locate the endotracheal tube.

6. Recommendations regarding targeted temperature management and coronary angiography during post-cardiac arrest care
---------------------------------------------------------------------------------------------------------------------

Updates were made to the items for hypothermia and coronary angiography, which are the main treatments during post-cardiac arrest care. The 2011 guidelines recommended targeted temperature management at 32°C to 34°C, whereas the 2015 guidelines were updated to recommend a target of 32°C to 36°C for ≥24 hours among adults who are unresponsive after ROSC, based on recent evidence regarding core temperature control \[[@b33-ceem-16-133]-[@b35-ceem-16-133]\]. The 2015 guidelines also recommend considering temperature management during post-cardiac care for pediatric patients who are unresponsive after ROSC due to cardiac arrest, and especially to prevent fever among children.

Coronary angiography is performed to identify coronary artery disease as the main cause of cardiac arrest, and appropriate coronary interventions are important treatments that can increase the post-cardiac arrest survival rate \[[@b36-ceem-16-133],[@b37-ceem-16-133]\]. The 2015 guidelines recommend performing emergency coronary angiography if ST elevation is observed on an electrocardiogram, regardless of the patient's state of consciousness after ROSC, and suggest considering emergency coronary angiography in cases that may be caused by acute coronary syndrome, even if ST elevation is not observed. In addition, the 2015 guidelines recommend that patients who achieve ROSC after cardiac arrest should be treated at hospitals where targeted temperature management and coronary interventions are available 24 hr/day (i.e., a post-cardiac arrest care center).

7. Recommendations regarding automatic mechanical CPR devices and extracorporeal CPR
------------------------------------------------------------------------------------

Automatic mechanical CPR devices eliminate the need for manual chest compressions, although the survival rates were not significantly different when studies compared automatic mechanical CPR devices and manual CPR \[[@b38-ceem-16-133]-[@b40-ceem-16-133]\]. Based on these results, the 2015 guidelines do not recommend the use of automatic mechanical CPR devices as a routine alternative to the current CPR protocol. However, automatic mechanical CPR devices may be useful while transferring patients in an ambulance or helicopter, or while performing angiography or extracorporeal CPR.

Extracorporeal CPR maintains artificial circulation using an extracorporeal device in patients with cardiac arrest who do not respond to conventional CPR, and this method can improve the survival rate when it is selectively used by trained personnel in properly equipped hospitals \[[@b41-ceem-16-133],[@b42-ceem-16-133]\]. The 2015 guidelines recommend that, in hospitals with trained personnel who are capable of using extracorporeal devices, extracorporeal CPR should be considered for patients with cardiac arrest who do not achieve ROSC despite receiving conventional ALS.
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